aquaticus was significantly higher in cast iron pipes than in plastic pipes. A. aquaticus caught from 28 plastic pipes were mainly single living specimens or dead specimens being transported passively 29 trough by the water flow, while cast iron pipes provided an environment suitable for relatively large 30 populations of A. aquaticus. Sediment volume for each sample was measured and the study 31 described for the first time that the correlation between presence of living A. aquaticus and 32 sediment volume is not simple but rather expressed by a minimum sediment value of approximately 33
Introduction

43
Invertebrate animals are present in drinking water distribution systems worldwide. In tropical and 44 subtropical countries, some species of invertebrates can act as secondary hosts for parasites and 45 thereby pose a serious health risk to consumers (Evins 2004 ). In temperate areas, the presence of the 46 animals is largely regarded as an aesthetic problem (van Lieverloo et al. 2002) . However, previous 47 6 Water samples from pipes were collected by flushing from above ground fire hydrants. Before each 104 sampling, the part of the hydrant above the water main was flushed with tap water to remove 105 terrestrial animals living in the water free part of the hydrant. Clean water (10-20 L) was poured 106 into the hydrant and pumped out through a drainage valve with a manual pump. For sampling a 107 flowmeter and a fire hose were attached to the hydrant and the water was flushed directly into 108 transparent single-use plastic bags in 1 m 3 containers. The flowmeter was cleansed after each 109 sampling and a fresh pre-rinsed fire hose was used at each site. No water was discharged by pre-110 flushing in order to be able to detect invertebrates inhabiting dead ends by the hydrants. 111
At each site samples were obtained by flushing 1 m 3 at maximum obtainable flow 112 (turbulent flow). The sampled volume was measured per time unit in order to calculate the flow 113 velocity, and the Reynolds numbers were reported. Samples were obtained from 31 locations. To 114 avoid public interest, filtration on the street at the sampling point was not used but all samples were 115 transported to the waterworks and slowly filtered (5-10 L/min) successively through two nets with 116 mesh sizes of 500 and 100 µm. To avoid contamination from one sample to another the nets were 117 cleansed with tap water at high flow. 118
Reproducibility was investigated at three locations where sampling was repeated one 119 or two times with varying time intervals (Table 3) . 120
Three water tanks: one 700 m 3 clean water tank of a waterworks and two elevated tanks (elevated 121 tank 1 containing 36,000 m 3 and elevated tank 2 containing 6,000 m 3 ) were emptied and the floors 122 were carefully inspected. In the elevated tank l, 20 random samples (each covering 0.35 m 2 ) were 123 taken on the floor in half of the tank. In the other half of the tank the flush channel (30 m 2 ) in the 124 length of the tank was sampled by sucking up the animals with 10 ml pipettes. 125
Asellus aquaticus was easily visible in the 500 µm net samples, while 1-5 ml sediment per 126 sample from 100 µm net samples and samples from clean water tanks were examined by stereo 127 microscopy with a Protec digital camera (16x11.3x0.63-4.0 magnification Prior to the main sampling rounds, sampling efficiency was studied at varying flow velocities, with 137 swabbing applied, with cut out pieces of pipes and filtration with various mesh sizes. Up to three 138 samples were taken at low laminar flow (Reynolds numbers < 2,100) as well as up to three samples 139 at maximum obtainable flow (turbulent flow, Reynolds numbers > 2,100) at each locality. After 140 sampling, 150 meters of plastic pipe were swabbed with a foam sponge and finally two meters of 141 pipe were cut out for visual inspection. Swabbing was not possible in cast iron pipes due to scaling 142 but two meters of pipe were cut out for visual inspection. Four mesh sizes were tested for filtration 143 of the water samples (500, 100, 20 and 10 µm). 144 145
Analyses 146
Bacterial analyses: Biofilm samples were collected from the inner pipe surfaces of the cut out pipe 147 pieces by scraping of biofilm from 10 cm 2 with a cotton bud. Three scrapes were taken from the 148 plastic pipe (one before and two after swabbing with a sponge). Three samples were taken from two 149 pieces of one meter cast iron pipes (one from the end, one from the middle and one from a vent). 150
Each cotton bud was kept cold in 10 ml sterile water until 50 µl of the suspension was spread on 
Reproducibility of flushing pipes 215
Three locations were sampled two or three times (Table 3) 
Occurrence of invertebrates in pipes and clean water tanks 228
Invertebrates within the phyla: arthropoda, annelida (worms) and plathyhelminthes (flatworms) 229
were found in the drinking water distribution system (Fig. 1) 
1966). 242
A. aquaticus varied in size from 2 to 9 mm, which is small compared to A. aquaticus 243 from fresh water ponds, which can reach 20 mm. A. aquaticus sampled in this study were brown 244 with small eyes (Fig. 1) . Characteristic A. aquaticus pellets (DVGW 1997 , Walker 1983 were 245 observed in many sediment samples (Fig. 2) but not in the clean water tank of the waterworks, and the water supply company had never 252 observed A. aquaticus nor their trails (Fig. 2) during previous controls in clean water tanks of any 253 waterworks. In a German drinking water supply system, partially supplied by ground water, A. 254 aquaticus was also found in 50 % of the samples from the distribution system, while no A. 255 aquaticus could be found at the waterworks (DVGW 1997). 256
Both of the investigated elevated tanks contained a layer of fine grained sediment. 257
There was no sediment in the 700 m 3 clean water tank at the waterworks and the bacterial 258 concentration in the water in this tank was 23 CFU/ml water (HPC 22° C). The sediment from the 259 elevated tank 1 had a high content of iron (5 mg/g wet weight), manganese (1 mg/g wet weight) and 260 bacteria (76,000 +/-2,700 pg ATP/ml wet sediment and 140,000 CFU/ml wet sediment by HPC 22° 261 C. ATP measures of water leaving the two elevated tanks before and after the periods of sampling 262 were low, varying between 1 and 6 pg ATP/ml (Corfitzen and Albrechtsen 2010). 263
Samples taken from four additional large Danish distribution companies, nationwide, 264
showed the presence of invertebrates in all investigated systems. A. aquaticus was found in three of 265 four systems. 266 267
Distribution between pressure zones 268
Pressure zone 1 with the elevated tank 1 contained the majority of the caught Asellus aquaticus (68 269 % positive samples in zone 1, Fig. 3 ), while microinvertebrates were present in all parts of the 270 investigated distribution system (94 % positive samples) (Fig. 4) . Pressure zone 2 with the elevated 271 13 tank 2 had a few A. aquaticus positive samples, with only one living A. aquaticus and only an 272 average of 1 specimen per positive sample. No A. aquaticus were caught in the remaining zones; 273 zone 3 -zone 8 (Fig. 3) . 274
Samples from 1988-89 covering the same area showed a similar distribution pattern: 275 46 % of the samples in zone 1 were positive of A. aquaticus while only 5 % of the samples in zones 276 2 -8 were positive and only containing dead A. aquaticus (Fig. 3) The repeated samplings (Table 3) showed that the occurrence of A. aquaticus was 286 independent on the season of the year. In nature, A. aquaticus breed between February and October 287 (Gledhill et al. 1993) , while this was not the case in the investigated drinking water distribution 288 system since we found juvenile A. aquaticus all year round. A. aquaticus is known to adapt to 289 changing environments over a small spatiotemporal scale (Hargeby et al. 2004 ). Our observations 290 showed that populations in the drinking water system were able to increase their life span since 291 natural populations in northern Europe are recorded a life span of up to 1 year (Gledhill et al. 1993 ) 292 while the A. aquaticus collected in this study survived in culture (10° C, darkness, on sediment 293 collected from water pipes and on maple leaves) for up to 2½ years. 294 Zone 1 contained above 70 % of the cast iron pipes of the system (Table 2) and was 295 furthermore the earliest constructed zone (starting in the 19 th century), which would provide plenty 296 of time for the populations to establish. Zone 2 contained the remaining cast iron pipes (Table 2) sampling at three localities showed that sediment volume varied from sampling to sampling and 324 neither the sediment nor A. aquaticus were eliminated by sampling at maximum obtainable flow 325 (Table 3) . Flushing larger water volumes than 1 m 3 at maximum obtainable flow may reduce the 326 sediment to values below the threshold of approximately 100 ml sediment/m 3 sample, where living 327
A. aquaticus was found to occur, and hence reduce their occurrence. 328 329
Pipe materials 330
To investigate the importance of pipe materials we compared samples from cast iron and plastic 331 pipes in zone 1. Although present in both pipe types significantly more samples from cast iron pipes 332 than from plastic pipes contained Asellus aquaticus (100 % positive samples versus 45 % positive 333 samples) (p = 0.018, Fisher's exact probability test for 2x2 tables) ( high turbidity values were often measured due to red iron or black manganese colloidal particles, 363 which did not sediment in spite of days of settling of the samples. Hence, since turbidity does not 364 
